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when a body 1s present the aer*mic sentre Is'at O.l45c, and 
since tlx lift on tie ving which cmpensatc.; tl:e negative llf't on the 
nacelle azts here a correctIon is nezessary lf the tests on the mng 
alone are to be a&led to this ease (or to a complete model). 

4 Results and D1:cusslon 

4.1 Tests vnih a nacelle on i wu~ -- 

4.11 Fomard movment of' aerodynamc centre on nacelle 

The mJOrlty of the tests were made mth tcle smllest dlamter 
nacelie 2 = 0.237 

ic 1. The values of t&z,,' obtained mlththlssme of 

nacelle cre given m the followmg tablc:- - I 
I - 

0.6 

0,6 
0.7 
0.5 

0.G 
0. I 
0.9 

0.125 0.173 

0.160 0.16L 0.213 
O.lh4 
o 162 0.160 

0.239 0.233 / 0.283 
0.2L$4 
0.244 0.234 

The table shows that there 1s little ~hangc m A&' with change 
in rear falring length f , nnd mean values of %lt over a range Te rear 
fammg length have been plotted m Flg,G. There 1s a small ucrease in 

A&' nith q for the chordlmc nacelles/-Z- = C 
tc 3 

and a verv small 

decrease for the underslung nacelle 2 = 3.121 (c ) Ak,' is decreased 

considerably by lmenng tl?~e nacelle. Tnest. valliitlons are consistent 
m.th the posltmn of r;axmum upw%h be-ing b-lcv the wing chord, so that 
a chordline nacelle vslth 5~4o of droop 1s nearer the region of maxl~llum 
upwash than the chordlIne nacelle inth no dxo;). Tlhe IF,> underslung 
nacelle lies belox the region of ~rrlmurn upl!asn. 1' 1s probable that a 
nacelle with a small amotint of undersllngln; m&t be more in tlvs region 
than the present chordlxw nacelle s and consequently mqht give a hqher 
value of Akn I 

Values of Ck,' have been plotted agauur: diameter/chord ratlo In 
IQ.9 for the three nacelle dxxncters test-d. It IS observed that for 

D- the ran&c ; - 0.20 to 0 50 (that associated ,r~th proptller turbine 

nacelles) there 3.s about 2C$ ucrease In A%' 1 values of Akn' estuna- 
ted from Rpf. 3 are also plotted In Flg.9 and appear to give good ag=ement 

? 

,,v%th an extrapolation of the prcscnt rcsultz. 
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4.13 Loss of llfi 



3 3 ‘2 ‘2 

0.093 0.093 0.80 0.80 0.115 0.115 

0 0 I I 0.80 0.80 / / 0.522 0.522 
I I 
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r  - 1 
I 
I 
i i 

I nk,' per nacelle 

hdersllmg z = 0.121 Inner 

'Jnderslung t = 0.138 Outer 

Ii OC, ' per nacelle 
c- 

underslun~~ = 0 121 Inr.er 

- 
,I\IC - 
2 5 
6” - 2 
2 

= 
z 
2 - 

ChordlIne 2 = 0 
t 

Inner I 2 0 
I I 

;stimatei 

0.271 
0.262 

0.271 
0.261 

0.284 
0.280 

0.271 
0.261 

0.279 

0,358 0.36~ 

I 
O.3?5 O.3OL 

0.320 

0.315 

0.332 

0.310 

0.117 
0.153 

0.112 
0,152 

0,122 
0.157 

0.112 
0.151 

0.150 

0.129 

0.144 
0.157 

0.136 
0.176 

i 

0.031 

0.024 

O.Oj:, / 0.347 3.041 : 

0.027 . ChordlIne ; = 0 0Llter I 2 ' O"Q23 
! I 

0. 024 

5.2 Other results for prooeller turbxne nacelles 

At present t‘nere 1s little ur?ormatlon aTinllabie on the effects 01 
nacelles for propeller turbine ux3.llatlcns on the stability cf an air- 
craft ~ There are hcwever results of '1~~s :-q&s on th? Vxcount, a low 
wing four-cngmed alrcrzift and R-A-2. tests or the S.R.10/46, a sxx-engined 
flymg boat (Ref. 5). Ths layout of thzsc two mcdels 1s illustrated In 
Flgs.5 and 6 respeotively. 

Estunated and measu?‘ed values of Ak, , &C, and Q, ;'or both 
an-craft are given m the follov~ng tables:- 0 

(i) viscomt 

I------ 
/% &no / i\CL * 

/ zktmate for 2 Inner na-,ellcs 

I------- 

0,'J395 -0.070 0.0065 
tistmatc far 2 0l;ter nacelles c.?zo; -0.00: O.Cl15 

Estux3.tc for all 4 nacelles 3.066O : 
/ 0 0550 

I -0.155 0.0180 
Measned values for all 4 racelies / -0.135 I 0.0150 

i 
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2 Hw-Lley, Spcncc and 
Kirby 

3 3dth and 
Smelt 

4 Smelt and 
Smith 

5 Vi0TTYill 
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TABLE I 

Model Dw~enslons 

Gross area 
Span 
Aspect ratio 
M.-an chord 
Mkxx1mun thlckne ss 
Posxtion of maxxmum thickness 
Camber 
Section 

None fitted 

Nacelles 

No propellers represented 
Geometric vnng nacelle angle 
Details of nacelles tested are @ven 

in tables in text (see para.2) 

Aspect ratio 
Mean chord 
Section 

Body 

Diameter of' cylindrical pol~%lon 
Elliptx nose length 
Tapered rear length 
Fmnt length (forward of wing L.E.) 
Rear length (aft cf ~v-ing !?.ti~) 

Wing posltlon 
Geometric wing bcdy angle 
Wing no lift angle 
A.erodynamx u?uxg-body angle 
Fillets (low wing only) 

532.8 sq.ln 
48 In. 

4*33 
11.1 1n. 
15% chord 
30,: chord 
2.&L chord 

is A.F.lJ+ (mod&.ed to 
have straight portion 
from 65.5? chord to 
trallm edge on upper 
s&ace k 

0' and 4" 

6 
11.1 in. 

same sectloll as that of 
5 ft tunnel model 

9 in. 
16.2 XL, 
27.0 in, 
27.1 In. 
36.4 In. 

Low and IL& 
O0 

-1.4O 
1.4O 

"small" (Ref.1) 
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TABLE I (Continued) 

Fin and Tallplane 

None fitted 

Nacelles 

No propellers represented 
Gecmetnc mng nacelle angle 
Details of nxelles tested are g~.ven 

In tables 111 text (see pra.2) 

O0 

(c) Distance of md-pout of overhan ~ng g~r'c cf nacelle below no $ ld't line of mng dram thrmgh z chord noint; = z,,, 

%I 
m c f3r all dmmeters 
c unaers1uny Underslung ' Chordllne Chordlme 

z = 0.121 2 = 0.121 Z=O Z=O 
c c c c 

lN = 1.4O 1N = 5.4O IN = I.40 qJ = 1 s l4 

0.4 3.132 0.011 

3.c 9.134 0.1 583 Cl.013 0.032 

1.0 0.139 . 0.174 0.018 0 053 -I 
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. Gross area 980.1 sq. In. 
spa-4111 99 In.. 
Aspect mtic 10 
xean chord 9.9 In. 
Centre lme chord 13.5 u-l. 
Chord at :nner na-,elle centre line 11.95 IAl. 
Chord at oxter nacelk centre lrne IO.38 in. 
TZI)PL. ratx 2 :I 
Centre t/c 18". 
Tig t/c 12/. 
Camber 2," chord 
DliWfiKll upper surface flat 
sectron N.A.C.B. 241thZ&I2 
&aster chord line is straight and at rxght angles to body centre 

lme 



TAELF, II ( sontlnlled 

Nacelles (coma.) 

f 

4 

-21- 



O.lGC 
0.234 

, 

0.107 
O.ll& 
G.125 

0.093 
0.10~ 

c.co7 
c.073 

c. 216 0.115 
3.154 0.120 
0.190 0.133 

0.216 0.107 ' 
0.216 O.llG 

0.307 0.078 
0.235 0.082 

0.130 0.462' 0.236 1 
Cl.?54 0.154 O.ly2 1 

0.372 0.299 0.083 
0,0)2 0.270 0.102 

0.013 
0.016 
0.025 

o.ogo 0.016 
0.054 0. 01 ii 
0.054 o.oL'7 / 

0.329 
o.og 

-22- 



I- 
Nacelle Ccndltlon 

I(b) Nacelle dlamcter = 0.272 chord 

Snderslung E = 0.121 IN = l.LcO 

ii= 0.6 2'= c-5 
0 0 1.0 

E= 0.7 E = c.5 
c c 1.0 

2 = 0.9 m = 0.6 
0 c 

1.3 

Chordlinc $ = 0 xN = 1 4' 

x= 0.5 c= 0.5 c 0 1.0 

I(?) Nacelle a1aYletcr = 3.356 chord 

underslung z = C.121 lp; = I.)+' 

n= 0.9 m= 1.0 
c 0 

Chcrdll.ne g = 0 I.>; = I. 4: 

n= 0.6 z= 1.0 c c 

II 1 NUXLLE OIJ WING 

Nacelle rlxmeter = 0.237 chord 

Underslung : = 3.121 I-$] = 1.4O 

P= 3.5 
c 

:= 1.3 s = 3.80 

III 2 N&XLXS ON WIVG 

III(a) Nzell- jllameter = 0.237 chord 

undzrslung : = 0.121 qI = 1.4' 

n= Q.5 G = 1.0 c 0 s = 2.07 

5 = 3.80 

III(b) Nacelle dvmctfr = 3.356 chord 

ut~3.erslung $ = 0.121 ix = 1.4' 

': = 0.5 " = 1.0 c 0 5 = 1.38 
y/i/c = 2.07 

-23- 
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e 
m 
w 

~ 

3.17 0.113 0.22c 
0.2:t 0.125 0.204 

O.li! 0.104 O.ZOL 
@.26C 0.112 0.204 

0.17t 0.068 0,315 
0.251 0.071 0.330 

0.111 j 
0.123 1 

0.380 
3.363 

0.22t 0.0:6 0.363 0.016 
3.jOC 0.022 0.063 0.924 

3.31! C.082 0.339 

0.35: 0.050 0.024 

0.23: 0.124 C.181 

0.231 0.123 0.198 

0.24 0.122 0.198 

0,095 

0.051 

/ 

0.:31 

, 
I 

0.131 

0.13rJ 

I 

/ 

0.32: C.072 
0.33: 0.068 

I 
0.3jO o.ocic / 
0.353, 0.062 I 

-!XL 



i- 

j- (a) I!aczlle dia- - 
mtter = o-237 FL-d 

nz0.c f= 3.4 
c 0,6 

1.0 
06 
I.0 

(b) Macellc dia- 
qeter = 3~272 ~h0ra 

c 

4.92 
4.32 
3.45 
5 80 
5.43 

iL.32 
3.45 

L.32 
3 .'L5 
2.80 
5.43 

0 
(1 
0 
1 .:I 
2.00 

it.32 
3.45 

4 32 
3.45 

4.32 
3 ~ 45 

Kc lift 
angle 

of wing 
‘if degree: 

-1.02 4.00 
4.17 
4.06 
4, ce 
4.81 

4.52 
4.38 

C.62 
6.1l+ 
7"2: 
6.07 

0.58 
0.62 
@.hS 
0.94 
1 " ii1 

4.?7 
4.10 

4.72 
4.50 

6.Z3 
6.34 
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TASLE IV ( Contmucd) 

Chordluw $ = C 

"=Oh $=I.0 
c C 

i 

-0.44 
-3. I+0 

+3.08 

-0,49 

- ‘! 
I 

I 



- 

xi= 5.0 
Tb 1.21 

2.3L 

- 

1.11:5 0.1g1 
).I12 ,o 2c: 
1,107 o.mj 
).101; ;c13.21c 
1,104 0,161 

'C 
>'C ,I 

1.395 
1.315 
1.13.5 
1,035 
1 I '000 

I.364 
1.000 

?.410 
0 

I 

r;* 033 1.270 
0. ?$2 1.150 
0.025 1.000 

I L 

-0.013 
3 

to. Oilj 
Cl 

-0. OS 
-0. co7 
0 



TABLE V Contu-ucd 

L^= 1 
% 

0.38L 0.927 0.422 0.0875 1.210 +O.G04 
1.21 IO.355 xc275 3.422 C.@RFi 1.115 +0.0035 
2.29 0.318 0.043 0.340 O.C?15 1.00 0 

III WING ALOK 
(Without Body) 

Nacclk d.1a.meter 
= 0.237 chord 

Lt.zo78.CP38.K3. ircnted $71 Gmzt Rrttntn. 
-L T- 



FIGI. 

SHOWINq AVAILABLE 
UNDCRSLU& NACELLE II OVERHANqS. 

SHOWING, AVAILABLE 
UNDERSLUNG NACELLE- REAR FA,R,NqS, 

SHOWING AVAILABLE 
UNmRSL”Nq NAWAZ - ANGLES 0~ DROOP. 

- 

§HOWlNq WAILAELE 
CHORDLINE NACELLE - wqLcs Dp DRODp, 

NOTE * OVERHANGS OF O-4,0-6 AND I.0 CHORD 
AVAILABLE AS FOR UNDER SLUNG BUT 

o,,,\ T ? 4 5 

SCALE OF NACSLLLS- INCHES. 

FIGI. NACELLES OF DIAMETER O-237 CHORD.. 



FIG. 2. 

UNDCRSLUNq NACeLLE, DIAMETER = 0.272 CHORD - snow’Nq AVA’L*u 
RtAR FAlRINqS. 

NOTE- OVERHANqS OF 0.6 AND I*0 
CHORD ~VA\LA&E AS FOR 
CHORDLINe. 

CHORDLINE NACELLE, DIAMETER = 0.272 CHORD- SHoW’Nq AVA’LABLE OVERHAN+ 

NOTE- CONSTANT REAR 

UNDERSLUNq NACELLC, DIAMETER: 0.356 CHORO. 

_ CHORD LINE _ 
1.34” lb 

- 0.121 c. 

CHORDLINE NACELLE, DIAMETER* 0.356 CHORD. 

OLLu! t 7 f 9, 

SCALE OF NACELLES-INCHES. 

FIG. 2. NACELLES OF DIAMETER O-272 AND 
O-356 CHORD. 



FtG.3. 

t 

7 

. 

CONSTANT DlAM:,TU$ SECTION TAPERED “;A? FAIRIN~ 

I I 
<I+- LL=- 

--\ 

a 

\ 
AERODYNAMIC 

I . HlG,tl WING, SHOWN DOTTED, 

WlNq-BODY ANGLE= I-4’ 

- - + -__ 

_-- --- 

-.-.- $-.- 

SPANWISE POSITIONS 
OF NACELLES. 

- - _-.-.-._ t9” a I*00 BODY DIAMETERS. 
_ _.._. _ -.i.hOs9r I.21 BODY DIAMETERS. 

-----i----- -U4”= I.56 BODY DIAMETERS. 

- - - i ---,-. 
Jl*5”.1*94 BODY DIAMETERS. 

L”M,L~~~-~ 

51” a 2.34 BODY DIAMETERS. 

0 6 10 15 
I 

to 65 
LL- b 0 1 1 I I 
SCALE OF MODEL - INCHES. 

0” DIA. 

c 

FlG.3. G.A. OF MODEL USED FOR BODY 
INTERFERENCE TESTS. 



FIG.4 

AERODYNAMIC 
WING- BDDY ANALLY 2” 

SPANWISC 
POSITLON IN 
SODY WIDTHS. 

TYPICAL NACELLES TESTED. 

INNER NACELLE D/~ = 0.~20. 

OUTER NACELLE D/C - 0.256. 

SC4LE IN INCHES 

COMPUTE MODEL 
NACELLE. 

FIG. 4. G.A. OF TAPERED WING MODEL. 

i 



FIG. 5. 

. 

. 

AN’Z,LC ‘5.40. 

NACELL6 USED IN “NO PROP” TESTS 
D/C 8 OnSO h *Id 2 : 0’065 APPROX. 

SCALE IN INCH66 

NACELLE. 

FlG.5. G.A. OF MODEL OF S.R. IO/ML 



FIG. 6. 

AERODYNAMIC WING-BODY T 
ANGLE * 3-59 

NACELLE DETAiLS 

0 
MOPCLS SCAyo IN INCHES 

IS 20 
0 

l 

FIG.6. GA. OF MODEL OF VISCOUNT. 



-p 55.45’ 

CAMBER LINE 
AN: -0-4~P 

I-0 CHORD OVERHANG, 
N4CELLE OF DIAMETER 0.237 CHORD- 0.6 CHORD REAR FAIRIN~ 

ps6.87.’ DROOPED AT 4’TO CHORDLINE. 
Aw = 1-02~ 

-.-_ 

CAMBER LINE 
A, = 0.41” 

c 
I.0 CHORD OVERHANG 

NACELLE OF DIAMETER 0,237 CHORD - 0.6 CHoRO REAR F&R,,q 
/sm 4~06.~ PARALLEL TO CHORTLING. 

FIG.1 ESTIMATION OF /3. 



FIG.8 &9. 

/= 
“” 
,s- 
3 
‘p O*I 
I 

-I? F CHORDLINE 0 
4 $,= 4NqLE OF DROOP REL4TlVC UNDERSLUNG + 

5.4O 
@ 
x 

0.e o-4 0.6 0.8 I.0 1-e 

DISTANCE OF NACELLE N05E FORWARD OF LEADIN CDqE AS A FRACTION OF LOCAL WIN6 CHORD. 

FIG.& FORWARD MOVEMENT OF AERODYNAMIC 
CENTRE ON NACELLE OF DIAMETER O-237 CHORD. 

id D 2.5” 
OYERH4NG = I-O’& 

WlNrS EXTRACTED FRSM 
REF.3. REPRESENTIN 
BOTH CHORDLINE AND 
UNDERSLUNq[LLCS. 

O-25 o-30 0.35 0.40 0.45 O-50 
DIAMETER OF NACELLE AS A FRACTION OF LOCAL WING CHORD. 

FIG.9. VARIATION WITH DIAMETER OF FORWARD 
MOVEMENT OF AERODYNAMIC CENTRE ON 

NACELLE. 



FIG.IO&I I, 
DISTANCE OF MID POINT OF OVCRHANqlNq PART OF NACELLC BELOW NO LIFT LINE 

AS A FRACTION OF LoCAL CHORD. 
-0.08 0 O-05 o-10 0.15 WC 0.20 0.25 

0’ REAR FAlRINq 0.7~. 
“u REAR FAiRINq 06C. 

5 
4 
m 

-; 
” 
4 

FlG.10. PITCHING MOMENT AT ZERO LIFT DUE 
TO A NACELLE OF DIAMETER O-237 CHORD. 

DIAMETER OF NACELLE AS 4 FRACTION OF LOCAL WING CHORD. 
0 0.15 0.20 o-25 030 0.35 13.60 

FIGII. VARIATION WITH DIAMETER OF PITCHING > 
MOMENT AT ZERO LIFT DUE TO A NACELLE. 



FIG. 12 &,‘:a 
I 

LINDERSLUN~ &4Z/ 

O-3 \‘ 

UNDERSLUNG, i~O*ltl 

., 
t 

0.2 

c 

0.1 

0 

DISTANCE OF NACELLE NOSE FORWARD OF WING, LEADING, EDGE As II FRACTION OF 

FIG.12. 

FIG.13. 

WIN4 CHORD. 

LIFT LOSS DUE TO A NACELLE OF 
DIAMETER Oe237 CHORD ON A WING. _: 

0.4 
$,I’ ANGLE Of DPOoP RELATIVE 1 

*. 
TO WlNq NO LIFT LINE 

- 

I I I I I I 
EFFECTIVE INCIDENCE OF THE NACELLE CENTRE LINE RELATlve TO THE WING, 

= AA (IN DQREES) j SEE APPENDIX II. 

LIFT LOSS DUE TO A NACELLE ON A 
WING. 



FIG.14 8 IS. 

P 

7 

2 l-6 2 l-6 
d d ID ID 
G G 
3 3 . . . . 

4 4 
ID ID 
si si I.2 I.2 

E E 5 5 2 2 

: I-0 : I-0 LOW WING. LOW WING. 
3 3 
2 2 
2 2 
if if 
f O-8 f O-8 . . 

0 0 o-5 o-5 I-0 I.0 I-5 I-5 2-O 2-o 2.5 2.5 3.0 3.0 
DISTANCE OF CENTRE LINE OF NACELLE FROM CENTRE LINE OF MODEL IN DISTANCE OF CENTRE LINE OF NACELLE FROM CENTRE LINE 0~ MODEL IN 

BODY bl AM ETERS. 

. FIG.14. EFFECT OF BODY ON FORWARD 
MOVEMENT OF AERODYNAMIC CENTRE. 

I I DlAMciER 
0.237c. 0.356 

P 
CHORDLINE. P 

*356C. DIA. NACELLES ON HIGH WI1 
0.356C.DIA. NACELLE ON LOW WING. , 

DISTANCE OF CENTRELINE OF NACELLE FROM CENTRE LINE OF MODEL I 
BODY DIAMETERS. 

c NOTE* AERODYNAMIC WING - BODY ANGLE = l*4O.) 
. 

FIG.15 EFFECT OF BODY ON PITCH!NG MOMENT 
c? AT ZERO LIFT. 







-CF.-No.39 
13185 

A.R.C.‘Technlcal Report 

York Hmse, Ku&?sway, LONDON, w c.2, 429 Oxford Street, LONDON, w I, 
P.O. Box 569, UINDON, s e 1, 

13a castle street, ErmmJRGIi, 2 1 St Andrew’s Crescent, CARDIFF 
39KhgStwt,MANQIESTER,2 1 Tower Lane, BRISIOL, 1 

2 Edmund Stwet, BIRMINOH*M, 3 80 cluchester street BELFAST, 
m from any Bc&seller 

1951 
Price 6s. Od. net 

LO. Code No. 23-9006-39 


